The Asian honeybee, Apis cerana, is a native honeybee species in Korea which is important in agriculture for pollination and honey production. For better understanding of the physiology of A. cerana, high-throughput Illumina transcriptome sequencing was performed to analyze the gene expression profiles of queen, worker, and larva. A total of 219,799,682 clean reads corresponding to 22.2 Gb of nucleotide sequences was obtained from the whole body total RNA samples. The Apis mellifera reference mRNA sequence database was used to measure the gene expression level with Bowtie2 and eXpress software, and the Illumina short reads were then mapped to 11,459 out of 11,736 A. mellifera reference genes. Total of 9,221 genes with FPKM value greater than 5 of each sample group were subjected to eggNOG with BLASTX for gene ontology analysis. The differential gene expression between queen and worker, and worker and larva were analyzed to screen the overexpressed genes in each sample group. In the queen and worker sample group, total of 1,766 genes were differentially expressed with 887 and 879 genes overexpressed over two folds in queen and worker, respectively. In the worker and larva sample group, total of 1,410 genes were differentially expressed with 1,009 and 401 genes overexpressed over two folds in worker and larva, respectively. 
Introduction
Apis cerana, the Asian honeybee is a native bee species to eastern and southeastern Asian countries such as Korea, China, and Japan. In Korea, A. cerana is one of the most important honeybee species along with western honeybee, Apis mellifera because not only of the economic importance of honey production, but also the importance as one of the pollinator species in agriculture. Also A. cerana had been concerned of its strong resistance to the ectoparasitic mites (Peng et al., 1987) .
However, the recent outbreak of sacbrood virus (SBV) belonging to the genus Iflavirus which infects A. cerana (Choi et al., 2010) caused a devastating colony loss of Korean honeybee industry.
SBV infected larva fails to pupate, and accumulates virus enriched ecdysal fluid beneath its unshed skin (Bailey et al., 1964) . SBV also infects adult bees, however, the mortality *Corresponding author. Yeon Ho Je Department of Agricultural Biotechnology, College of Agriculture and Life Science, Seoul National University, Seoul, 151-921 Korea Tel: +82-2-880-4706 / FAX: +82-2-873-2319 E-mail: btrus@snu.ac.kr which indicate that the queen was actively laying eggs. One queen, five of workers and approximately seven days old larvae were sampled per group for RNA isolation, respectively. The compound eyes, wings, and legs of the queen and worker samples were removed beforehand, and then the total RNA samples were extracted from whole body of each sample for sequencing.
cDNA library preparation and Illumina transcriptome sequencing
To construct a cDNA library, the total RNA was isolated using Qiazol lysis reagent (Qiagen, Germany) according to the manufacture's protocol. Five of the total RNA samples from the workers and larvae groups were pooled equal amount as one sample of 10 µg for transcriptome sequencing, respectively. The integrity of total RNA was examined by using 2100 Bioanalyzer (Agilent, USA) with RNA 6000 nano chip. The mRNA in total RNA was converted into a library of template molecules suitable for subsequent cluster generation using the reagents provided in the Illumina TruSeq RNA Sample Preparation Kit. The first step in the workflow involves purifying the poly-A containing mRNA molecules using poly-T oligo-attached magnetic beads.
Following purification, the mRNA was fragmented into small pieces using divalent cations under elevated temperature.
The cleaved RNA fragments were copied into first strand cDNA using reverse transcriptase and random primers. This was followed by second strand cDNA synthesis using DNA polymerase I and RNase H. These cDNA fragments then went through an end repair process, the addition of a single 'A' base, and ligation of the adapters. The products were then purified and enriched with PCR to create the final cDNA library. Finally the cDNA library of 250~300 bp insert was subjected to Illumina HiSeq 2000 sequencer to sequence the 101 bases of 5' end.
Analysis of transcriptome sequencing results
The raw Illumina sequence reads were filtered to remove low quality sequences by using NGS QC Toolkit v2.3 (Patel and Jain, 2012 ) before bioinformatical analysis. The sequence reads of base called with error rate higher than 0.1% (quality score<30) were eliminated, and the remaining clean reads were used for further analysis. The filtered Illumina short reads were then mapped to A. mellifera reference mRNA sequences (ftp://ftp.ncbi.nih.gov/ of SBV infected adults is low while SBV results significant larval mortality (Bailey and Fernando, 1972) which suggests that the responses of the hosts against SBV might be different to each other according to their developmental stage and/ or caste. Recently, the SBV isolated from A. cerana in Korea was sequenced, and characterized by molecular genomics and phylogenetic approach to reveal that the SBV found in Korea is different from other strains previously published (Choe et al., 2012a (Choe et al., , 2012b , however, the molecular biology and nucleotide sequence information of A. cerana, which is very important to study the virus and host interaction, is still limited. Currently, (Mardis, 2008; Velculescu et al., 1995) . In this study, we employed the Illumina sequencing technology to sequence cDNA samples of each developmental stages of A. cerana, and mapped the short reads to the closely related species, A. mellifera reference genes to search and measure stage and caste specific gene transcripts and their transcription levels for studying the candidate genes responsible to their physiological differences.
Materials and Methods

Insect
The Apis cerana samples were collected from the beehive of honeybee farm at Cheongwon-gun, Chungcheongbuk-do, Korea. The honeybee samples were collected in mid-March 2013, therefore the workers were virtually all winter nurse bees, no forager. Newly laid eggs were found in the bee hive Development Administration, Korea) NGS SRA database. The accession numbers for the transcriptome of Queen, workers, and larvae are NN0646, NN0650, and NN0648, respectively.
Analysis of gene expression level
The Illumina short reads of each A. cerana sample were mapped to A. mellifera reference mRNA sequences by Bowtie2 software. Total of 11,459 out of 11,736 A. mellifera reference sequences were mapped with the short reads of A. cerana transcriptome, and the expression levels of each gene were converted to FPKM value by eXpress software. Detailed statistics of the gene expression levels of each sample group are summarized in Table 2 . The larva sample includes genes with remarkably higher FPKM value than those of queen and worker samples, and those genes were ribosomal protein genes which are part of the essential cellular machinery for protein synthesis, development, and growth. 
Gene ontology analysis of differentially expressed genes
Gene ontology analysis
The reference mRNA sequences which were mapped with the Illumina short reads by Bowtie2 software were subjected to eggNOG (evolutionary genealogy of genes: Non-supervised Orthologous Groups) (Jensen et al., 2008) by BLASTX with a cut-off E-value of 10 -5 for gene ontology (GO) anlaysis. The returned mRNA sequences above cut-off score were annotated and categorized for further analysis.
Results and Discussion
Transcriptome sequencing
The Illumina sequencing generated a total of 242,414,016 single-end raw reads, and a total of 219,799,682 reads which was 90.67% of the raw reads was obtained after Q30 (sequencing error rate, 0.1%) filtration for further analysis. The accumulated length of the total filtered reads was 22, 199, 767, 882 Graph of eggNOG analysis of the genes which were overexpressed over two-fold in queen and worker. The number of overexpressed genes in the queen and worker of each GO group are indicated as white and black, respectively.
Fig. 2.
Graph of eggNOG anlaysis of the genes which were overexpressed over two-fold in worker and larva. The number of overexpressed genes in the worker and larva of each GO group are indicated as white and black, respectively. other hand, the genes related to transcription, translation, and transduction were overexpressed in the larva which reflect the highly active genes of developing larvae (Fig. 2) . The genes significantly overexpressed over 500-fold are summarized in In the comparison of queen and worker, total of 3,014 and 3,009 eggNOG tagged genes from queen and worker were compared their expression levels, and identified total of 887 (22.7%) and 879 (22.5%) genes which were overexpressed over two folds, respectively. In the comparison of worker and larva, total of 3,492 and 2,884 eggNOG tagged genes from worker and larva were compared, respectively, and identified total of 1,009 (25.9%) and 401 (10.3%) genes which were overexpressed over two folds,
respectively.
The GO distributions demonstrated that the genes related to nutritional metabolism were overexpressed in the worker while the genes related to cell division and nucleic acid processing were overexpressed in the queen. These results reflect the role of each caste which are honey and royal jelly production, and reproduction of worker and queen, respectively (Fig. 1) . On the 
